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ABSTRACT

The problem of electromagnetic wave propagation in a doubly-periodic
magnetodielectric layer bounded by two uniform infinite media is solved by new
method based on the rigorous volume integro-differential equations of electromagnetics.

The Galerkin method is applied to reduce these equations to a set of second-order
differential ones with constant coefficients in field functionals which contain
information about geometry of the scattering structure. The special scheme of equation
set solving is introduced in the case of thick layers to overcome usual numerical
difficulties associated with the undesired exponential functions in the expressions. This
method unifies the treatment of both TE- and TM-waves by replacing F by ýi, ýt by 6, E-
components by H-components, H-components by E-components.

METHOD

Formulation of the problem is as follows: from the region 2 (z<-h) with complex
relative permittivity 62 and permeability .t2, a linearly-polarized plane electromagnetic
wave is incident at an arbitrary angle y on the double-periodic infinite layer (region 1)
bordering the region 3 (z>O) with complex relative permittivity cs and permeability pa3

(Fig.l).
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Figure 1. Geometry of the problem.

KiiFV UKRAINE§, IX-T• INT7RNATIONAl, CONFIhRENCE ON MATHEMATIC(AL MiTHOiDs IN ELi:CT1?OMAGNET1;C THEORY



402 MA'ET*02 PROCIFJI)1A'GS

The periodic cell of the layer is an oblique-angle parallelepiped of arbitrary sizes along
the l j axis and the Tq2 axis, L1, and L1, are periodicities of the layer in the 71] and 112

direction, respectively. The parallelepiped is characterized by the complex relative
permittivity £- (I1, rq2) and permeability pI (111, 112) and has the thickness h. We suppose
that the incident wave is TE-polarized and u. is the angle between the TI, axis and the
electric field vector E lying in the plane of the layer and consider the field components
in the (im, 4, z) ortogonal coordinate system connected with the incident field
polarization. We have to obtain the transmitted and reflected fields in the immediate
vicinity of the layer. The form of the integro-differential equations for the
electromagnetic field is taken from [1]:

E(r) = E(r) + (VV+ -1)E(r')G(r-r')dr' +
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-k4 £2 v xf(- -1)P(r')G(r-r')dr'.

Here the Green's function is presented in the integral form, V is the scatterer volume,

ki =k ir"s2 and k is a wave number. For beginning we suppose that the periods are

partitioned into segments with constant material parameters. For each period segment
numbered (k,1) we can write the notations bk-, <lk ' < , b,•' < 1; < bh, , e, (/' ) = -k,

and l1(.) =tkI.

Following the algorithm given in [2] we present the field in each period segment as an
expansion in terms of the spatial harmonics numbered (r,s) and act on the equation for
these fields by the linear operator

A k I !ý, /I F 1( 2;T/, J1; , 12aq)'
,kIF. , /" 11 ,F• %(S )G ', , ,h~q

LL I, (k -I)e e ' F
i, V2 f f 2 22

Thus we can obtain the set of linear differential equations for the field functionals. By
summing these equations over all segments we can express the fields and field
functionals for individual segment through the ones for another segment, e.g.:

Ekl Fk,7(k --1) aXk i k'. 1 k'

where
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b1 - _1 2 ,(p-r) b,, 21(q-.)
kI / 1 2 -IX--axpr = Le f e dil, ay ,_•L, f e dl d2

Next we solve the equation set for the field functionals and thus for the field
components (the procedure in paper [2]). Using the extinction theorem at the last stage
we express the internal fields of the structure (region 1 and 3) through the incident wave
field. Upon separation the equation set to be solved onto the subsets including the
exponential functions with a positive and negative real part of eigenvalues, we apply the
iterative procedure developed for calculations of characteristics of scattering from a
very thick losser doubly-periodic magnetodielectric layer in a wide frequency range.

RESULTS

Presented in Fig.2 are the results of the transmission coefficient calculation for the
periodic structure composed of the array of square parallelepipeds with F, 3+0.0 1i,
ý. = 1, lying on the half-space with 63 = 3, g3 = 1,h/L 11 = 10, bN /L = b'12 /L12 =0.5

L, = L" = L, ca. = 25', 2p = 0.001'. The example demonstrates the iterative procedure

stability for very thick doubly-periodic structures.
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Figure 2. Transmission of the normally incident plane wave through the thick doubly-
periodic array lying on the half-space.

Our results are in a good agreement with data concerned thick periodic structures and
presented by other authors (see, for example, paper [3], where the one-periodic grating
of rectangular rods with h / L = 4 was considered).
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